This research investigated the use of the Rasch simple logistic model in item and test calibration. Tests employing word, picture, symbol, and number analogies were administered to college students, high school students, civil service clerical employees, and clients of the Minnesota Division of Vocational Rehabilitation. The results suggest that Rasch item easiness estimates are invariant with respect to the ability of the calibrating sample when an adequate sample is employed. The invariance of the Rasch item easiness estimates was shown to be related to the goodness-of-fit of the items to the Rasch model. The deletion of items with low Rasch probabilities increased the invariance of the Rasch item easiness estimates. Estimates of the amount of ability indicated by the raw scores on a test (ability estimates) were also shown to be invariant with respect to the ability of the calibrating sample for tests of 25 or more items, even when relatively small samples were employed.
This research investigated the .use of the Rasch simple logistic model in item and test calibration. Tests employing word, picture, symbol, and number analogies were administered to college students, high school students, civil service clerical employees and clients of the Minnesota Division of Vocational Rehabilitation.
The results suggest that Rasch item easiness estimates are invariant with respect to the ability of the calibrating sample when an adequate sample is employed. The Invariance of the Rasch item easiness estimates was shown to be related to the goodness-of-fit of the items to the Rasch model. The deletion of items with low Rasch probabilities increased the invariance of the Rasch item easiness estimates. Estimites of the amount of ability indicated by the raw scores on a test (ability estimates) were also shown to be invariant with respect to the ability of the calibrating sample for tests of 25 or more items, even when relatively small samples were employed. Gulliksen (1950) remarked over twenty years ago that the discovery of item parameters which would remain stable as the item analysis group changed would constitute a significant contribution to item analysis theory. More recently, Lord and Novick (1968) Thurstone's method of absolute scaling, has been suggested by several authors (Bliss, 11929; Guilford, 1954; Horst, 1933; Thorndike, Bergman, Cobb, and Woodyard, 1926; and Thurstone, 1925, 1947) . A second method commonly suggested for obtaining invariant item difficulty parameters, the limen method, has been described by Bliss (1929) , Thornlike et al..(1926 ), and Tucker (1952 , see Angoff, 1960 . Modifications of the limen method have been suggested by Gulliksen (1950) and Richardson (1936) . Both the method of absolute scaling and the limen method require the assumption of a normal distribution for the ability under consideration. Although they were first described 50 years ago, neither method has been the subject of any systematic research.
LINK II
In 1960, George Reach introduced a model for the latent trait analysis of tests of intelligence or attainment; subsequent refinement of this model has continued (Rasch, 1960 (Rasch, , 1961 (Rasch, , 1966a (Rasch, , 1966b . Wright (1967) has pointed out that use of the Reach model makes possible sample-free item and test calibration. Item and test parameters can be computed from any sample of -2-subjects since the estimation of the parameters is independent of the distribution of ability in the calibrating sample. The purpose of this study was to investigate these claims.
The Rasch model is a special case of the logistic model; a simplified case in which the parameter for item discrimination is removed. The Rasch model makes the following assumptions:
1.
Items are scored dichotomously, 2.
Speed does not influence the probability of a correct, response,
Given the parameters for item easiness (e) and subject ability (a), all responses on a test are stochastically, independent, and 4.
The probability of a correct response by individual i to item j is a function of the ratio ai/ej. (Anderson, Kearney, and Everett, 1968; Brooks, 1965; and Sitgreaves, 1963) .
This last assumption excludes guessing and variations in item discrimination as factors which affect the probability of a correct response. Panchapakesan (1969) has shown, bowevez, that the Rasch simple logistic model is robust in this respect.
Although introduced in 1960, the Rasch simple logistic model has not been widely investigated. Two research designs have been employed in the study of item calibration by the Rasch model. In the single sample de11sign ;rthe goodness-of-fit of the item characteristic curve to the simple logistic model constitutes a test of the invariance of the item easiness estimates.
(As Bock and Wood pointed out in 1971, only comparisons--contrasts or ratios--between items are meaningful because the sample-free rationale employs an arbitrary origin and unit of sczle. Only the relative difficulty of items can be expressed.) Generalizations from single sample studies are limited to the range of abilities represented in the sample. In the two-sample design, the item parameters are estimated independeitly on data obtained from two samples of different ability. The two-sample design was employed in this research because it constitutes a more stringent test of the Rasch model. Matrices, but with groups of letters instead of geometric figures). The model was inadequate to explain performance on subtests F (in which geometric shapes are to be decomposed into parts) and V (a test of verbal analogies). Rasch, however, had used restrictive time limits with subtests F and V. When the time factor was controlled the data for these subtests also fitted his model (Rasch, 1966a Test Calibration. Only two investigations have been published regarding the use of the Rasch model to achieve sample-free test calibration. When the Reach model is used to calibrate a test, logarithmic ability estimates are assigned to every possible raw score from 1 to K-1. These scores indicate the amount of ability required to achieve that score. A comparison of the logarithmic ability estimates assigned to a test by two samples of different ability should indicate the degree to which the corresponding raw score groups are assigned the same ability egtimate by the two samples. Wright (1967) reports one investigation based on the responses of 976 beginning law students to 48 reading comprehension items on the Law School Admission Test.
To obtain samples of different ability, Wright selected two comparison groups froth his total sample. The "dumb group" included the 325 students who did poorest on the test. The top score in this group was 23. The "smart group"
included the 303 students with the highest scores. The lowest score in this group was 33, leaving a ten point difference between the smartest person in the "dumb group" and the dumbest person in the "smart group". The test was calibrated separately on the two groups and the results were presented graphically. Wright compared the similarity between the two sets of logarithmic ability estimates and two sets of percentile ranks and concluded that the Rasch model does lead to sample-free test calibration while the "traditional" method does not. Anderson et al. (1968) also addressed themselves to this Question. They correlated the ability estimates assigned to the six ability groupings on the basis of the CMI sample with those obtained from the RAN sample. The resulting product-moment correlation of .992 was interptated as evidence that the ability estimate assigned to a score on a test is independent of the distribution of ability in the calibrating sample.
In summary, few studies have been published on the use of the Rasch model in item and test calibration. The invariance of Rasch item easiness ratios with respect to the ability of the calibrating sample has been studied by Anderson et al. (1968) , Brooks (1965) and Raf!ch (1960) . The use of the Reach model to achieve sample-free test calibration has been studied by Wright (1967) and Anderson et al. (1968) . It is apparent that more studies of sample-free item and test calibration with the Rasch model remain to be performed before the model's usefulness can be fully assessed.
This parer examines the application of the Rasch_model to analogy items.
The following hypothemwere investigated:
Rasch item easiness estimates are invariant wg.th respect to the ability level of the calibrattng sample.
by "g". For this reason, the analogy format was selected for study in this research. Guilford (1959) The samples, for the most part, were similar in race, religion, and sex composition. The high school and college etudents were younger than the DVR clients and civil service employees, had fewer marital obligations, were better educated, and came from homes with higher family incomes, better educated mothers, and fathers employed in higher level occupations.
In comparison with the high school and college students, the civil service employees were older, had lower family incomes, and were far more likely to be married and have children. The DVR clients, while heterogeneous in many respects, were less well educated and had lower family incomes than the high school and college students. Minneapolis civil service employees. Form NNWP-110, containing these items plus 50 number analogies, was administered to college students. These word -10-and picture analogies had been selected in an unusual manner. The picture items had been selected from the picture items surviving an iterative item analysis procedure (for details, see Tinsley, 1971) . The word analogie.s, were then constructed from the picture analogies by Substituting, in the place of the picture, the word for the object in the picture. The resulting 30 word analogies have undergone no formal item analysis. None of these word analogies appears on form WS-100.
Each analogy item presented five alternative answers, only one of which was correct.
Because the test booklets used in this research had been designed to be self-explanatory, examinees were simply given the test booklet and answer sheet and were instructed to read the directions and complete the test.
An examiner was always available, however, to answer any questions.
The college students were the only group to complete more than one test booklet.
For approximately half the college students the order of admin- (1969, 1970) and modified by Bart, Lele, and Rosse (1970) for use on the University of Minnesota's Control Data 6600 computer.
The first question of interest was whether the use of the Rasch model leads to item easiness estimates that are invariant with respect to the ability of the calibrating sample. Ten tests were attempted in this study (see Table 1 ). In each case a set of analogy items was completed by two samples of different ability, the two sets of data were independently submitted to item analysis, and the product-moment correlation was calculated between the two sets of Rasch item easiness estimates and, for compartson purposes, between the two sets of Z item difficulty estimates. For the data to support the conclusion that item parameters are invariant with respect to the ability of the calibrating sample, the correlation between the two appropriate sets of data must approach unity. This determination was made by inspection of the pattern of observed correlations.
Insert Table 1 about here The relationship between the "goodness-of-fit'' of the item and its invariance was also studied. First, the Rasch item easiness estimates derived from two groups were correlated across all items. Then those items which failed to fit the Rasch model for both groups at the .01 level of confidence were removed and the correlation was recomputed. This procedure was also followed using the .05, .10, .25, .30, .35, and .40 levels of confidence. A similar procedure was employed in investigating the relationship between the invariance of the Z item difficulty estimate and the "goodnessof-fit" of the P value. The criteria used in this instance were .20 < P .80, .30 < P < .70, and .404 P < .60. In both cases, the hypothesis was that the product-moment correlation between item parameters would increase as the criterion became more stringent.
Finally, the invariance of the ability estimates computed for each raw score was investigated by computing the product-moment correlation between two sets of independently obtained ability estimates.
RESULTS
Item Calibration. Ten sets of data were collected which were relevant to an investigation of the invariance of Rasch item easiness and Z item difficulty estimates (see Table 1 ). In each case, independent estimates of the easiness of the items in the test, obtained from two samples of different ability, were correlated. Tables 2 and 3 indicate the results of these analyses.
Insert Tables 2 and 3 about here In all but one comparison the correlation between independent estimates of Rasch item easiness differ no more than one point from the correlation between independent estimates of Z item difficulty. Four tests of the invariance of the item parameter estimates were conducted with word analogies. between the Z item difficulty estimates. Table 2 ), the product-moment correlation between the Rasch ability estimates was .999. 
ir
Another factor which may have served to reduce the invariance of the item easiness estimates must be mentioned briefly. Panchapakesan (1969) provides a criterion for the elimination of examinees with low scores so that the estimation of item easiness will not be contaminated by guessing.
According to her criterion, some of the subjects in this study should have been eliminated. Because of the initially small sample size, this procedure was not followed. It is possible, therefore, that guessing may have reduced the invariance of the item easiness estimates in some instances.
In summary, six of the ten comparisons supported the hypothesis that the Rasch item easiness estimates were invariant with respect to the ability of the calibrating sample, even though a number of the comparisons involved samples of questionable size. Of the four remaining comparisons, two included samples so email as to invalidate the results while the other two were invalid because the Rasch model was not appropriate for tests designed in that manner.
It must be noted, however, the results of the Z item difficulty estimates compare well with those for the Rasch item easiness estimates.
There is no basis from these data for choosing between the two item parameters. Such choice could be made on the basis of the assumptions involved in the two parameters. The Z item difficulty estimate requires the assumption that the sample is normally distributed while the Rasch item easiness estimate requires no assumption about the ability of the calibrating sample. It should be noted, parenthetically, that either the samples used in this study were normally distributed in terms of ability or that Z item difficulty estimates are robust for the assumption of normality. 
